Background: Limited information exists about the endocrine milieu of benign breast disease (BBD), a documented breast cancer risk factor. We compared blood levels of estrogens, testosterone and insulin-like growth factor-1 (IGF-1) between BBD patients by histological type and women without breast pathology.
Benign breast disease (BBD) is among the best documented risk factors for breast cancer (Hankinson et al, 2008) . According to a large cohort study (Hartmann et al, 2005) , the results of which are in line with those of other major investigations (Dupont and Page, 1985 , and others reviewed in Pearlman and Griffin, 2010) , the risk for breast cancer of women with BBD in comparison with women without BBD is about 30% higher for non-proliferative lesions, about two times higher for proliferative lesions without atypia and four times higher for proliferative lesions with atypia. However, although for breast cancer there is a wealth of information about its hormonal profile, indicating positive associations with estrogens and testosterone mainly among post-menopausal women (Key et al, 2002; Eliassen et al, 2006; James et al, 2011) , and insulin-like growth factor-1(IGF-1) among both pre-and post-menopausal women (Endogenous Hormones and Breast Cancer Collaborative Group, 2010) , there is inconsistent information about the endocrine milieu in BBD, particularly in relation to the main histological types of this condition.
We have undertaken a study in Greece to ascertain levels of circulating estrogens, testosterone and IGF-1 among women with BBD in comparison with women with no breast pathology.
MATERIALS AND METHODS

Subjects. From March 2001 to May 2005
, women who had undergone mammary biopsy with a diagnosis of BBD in two major breast clinics in Athens, Greece, were asked to participate in the study. There is no organised screening for breast cancer in Greece and it is the women who decide, either on their own or following the advice of their primary care physician, whether, when and where to have a breast examination and mammography; most of these women have had a mammogram before biopsy. In breast clinic I, women who underwent a breast biopsy during the duration of the study or had undergone a biopsy up to 4 years before the study initiation (but were interviewed and, simultaneously, have provided a blood sample during the study period), were included. All women in breast clinic II underwent biopsy during the study period. Tissue samples and the pathology reports were reviewed for accurate diagnostic classification, blindly as to the results of the hormone determinations. Also invited were women who visited the breast clinics but were considered as healthy and did not require a breast biopsy; these women were, as they should be, considered part of the proper study base. Those who agreed to join the study provided informed consent for an in-person interview, review of their medical records and use of biological specimens for research purposes. The study was approved by the Bioethics Committee of the University of Athens.
Among eligible women in both the clinics, we estimate that about 75% agreed to participate in the study (in several instances, women refused to allow any recording of information concerning agreement to participate in the study; thus, the refusal proportion cannot be accurately calculated). In total 704 women with BBD and 244 healthy women were enrolled in the study.
All women completed an extensive interviewer-administered questionnaire with information on socio-demographic and lifestyle factors, as well as on gynaecological history, general medical history and dietary habits. In breast clinic I, histological samples were available in the form of paraffin-embedded tissue blocks, whereas in breast clinic II, samples obtained during biopsy were frozen in liquid nitrogen before being stored in À 80 1C. For the analysis we excluded 126 women with BBD and 66 healthy women that had ever used exogenous hormones (mainly oral contraceptives for pre-menopausal women and hormone replacement therapy for peri/post-menopausal women).
Hormone measurements. Blood samples for hormone measurements were collected, at the time of the in-person interview, into sterile tubes, were centrifuged, and then aliquoted and stored for hormonal assays at -80 1C at the Department of Hygiene, Epidemiology and Medical Statistics, Medical School, University of Athens. Hormonal analyses were done in the 'Biomedicine' laboratories, blinded as to the case/control status of the subjects. 'Biomedicine' is the only medical diagnostic laboratory in Greece, and one of the few throughout Europe, which has been accredited with an ISO 15189 for a wide range of analyses.
Estradiol-17b and sex hormone-binding globulin (SHBG) were measured with an electrochemiluminescence immunoassay (ECLIA, Elecsys Estradiol II kit, Roche, Mannheim, Germany), with inter-and intra-assay coefficients of variation (CVs at median levels) of 2.5% and 1.7% for estradiol, and 2.8% and 2.4% for SHBG, respectively. Estrone was measured with a radioimmunoassay (Estrone RIA DSL-8700 kit, Diagnostic Systems Laboratories, Prague, Czech Republic), with inter-and intra-assay CVs (at median levels) of 10.2% and 9.4%, respectively. Testosterone was measured by a method similar to estradiol using an ECLIA (Elecsys Testosterone kit for Elecsys 1010/2010, Roche), with interand intra-assay CVs (at median levels) of 2.8% and 1.8%, respectively. Insulin-like growth factor-1 and IGF-binding protein 3 (IGFBP-3) were measured by chemical luminescence immunoassay kits (Immulite 2500 kit, Diagnostic Products Corporation, Siemens, Llanberis Gwynedd, UK). The inter-assay and intra-assay CVs (at median levels) were 7.4% and 2.9% for IGF-1, and 6.8% and 4.2% for IGFBP-3, respectively. Electrochemiluminescence immunoassay is the most advanced routine method available for hormones determinations. The CVs reported are internal laboratory results.
Statistical analysis. The statistical analyses were conducted using the SPSS statistical package (IBM Statistical Package for Social Sciences v. 19.0, Chicago, IL, USA). At first, we distributed BBD cases with non-proliferative disease, BBD cases with proliferative disease, BBD cases with atypical hyperplasia and healthy women by demographic and gynaecological characteristics (specified in the relevant Table) , as well as levels of the studied endocrine compounds (median, 10th and 90th percentile for each hormone and each breast disease category). Owing to the influence of the menopausal status (ascertained at the time of the interview and blood collection) on hormonal levels, the analysis was further stratified by pre-and peri/post-menopausal status. Finally, we used multiple regression to compare log-transformed serum hormone levels between women with BBD and healthy women, as well as, among women with BBD, between those with proliferative BBD (with or without atypia) and those with non-proliferative BBD. In all models we controlled for age (initially categorically, but finally more finely as continuous variable), while in the analysis of premenopausal women we further controlled for day of the cycle (as an indicator variable with 1 ¼ blood sample collected between 2nd and 11th day and 0 ¼ else). In additional analyses we have also controlled for age at menarche, parity and body mass index (BMI). In the models of estradiol, estrone and testosterone we also controlled for SHBG (as continuous variable).
RESULTS
We have examined the hormonal profile of 578 women with BBD in comparison with 178 apparently healthy women. From the 578 women with BBD and no previous exogenous hormone use, 254 had non-proliferative disease, 268 had proliferative disease without atypia whereas 56 had atypical hyperplasia. In Table 1 , the distribution of all women by diagnostic category and demographic and reproductive characteristics is shown. In comparison with healthy control women, those with BBD tended to be younger (71.3% vs 34.8% were below 50 years) and more frequently premenopausal (67.8% vs 31.5%). There were no striking differences between the two groups with respect to age at menarche or age at menopause, nor with respect to lifestyle variables. These data, however, serve only descriptive purposes and are not directly interpretable because of the inter-correlations among the classification variables in this Table. In Table 2 , the median, as well as the 10th and 90th percentile of each of the measured hormones by diagnosis and menopausal status, are shown. Estrogens, and to a lesser extent testosterone and IGF-1, are higher among pre-menopausal than among peri-and post-menopausal women. There is an indication that levels of steroid hormones are higher among women with BBD than among healthy women, both among pre-and peri/post-menopausal women. With respect to IGF-1 the opposite appears to be true, particularly among peri-and post-menopausal women. These data, however, are not adjusted for age and, among pre-menopausal women, for day of the cycle.
In Table 3 , the log-transformed levels of the measured hormones are compared, firstly between women with BBD and healthy women and, secondly, between women with proliferative BBD disease (with or without atypia) and women with non-proliferative BBD. There is strong evidence that steroid hormones, particularly estrogens, are higher among women with BBD than among healthy women, and the contrasts appear sharper among peri/post-menopausal women. Thus, among pre-menopausal women estradiol, estrone and testosterone are higher by 22.4% (P ¼ 0.105), 26.2% (P ¼ 0.001) and 19.5% (P ¼ 0.018), respectively, whereas among peri/postmenopausal the corresponding differences are 32.0% (P ¼ 0.015), 30.9% (Po0.001) and 16.5% (P ¼ 0.141), respectively. A similar pattern is evident when women with proliferative BBD are compared with those with non-proliferative BBD, and again the contrasts appear sharper among peri/post-menopausal women. Thus, among pre-menopausal women estradiol and estrone are higher by 11.7% (P ¼ 0.201) and 10.0% (P ¼ 0.054), respectively, whereas among peri/post-menopausal the corresponding differences are 31.9% (P ¼ 0.072) and 24.7% (P ¼ 0.008), respectively; no differences were evident in these comparisons with respect to testosterone.
With respect to IGF-1 and IGFBP-3, levels are lower among women with BBD in comparison with healthy women and the differences are statistically significant among peri/post-menopausal women. Thus, among pre-menopausal women IGF-1 and IGFBP-3 are lower by 5.2% (P ¼ 0.287) and 4.3% (P ¼ 0.132), respectively, whereas among peri/post-menopausal the corresponding differences are 12.1% (P ¼ 0.006) and 7.7% (P ¼ 0.008), respectively. Mutual adjustment between IGF-1 and IGFBP-3, however, led to a reduction of the absolute values of the respective regression coefficients. When women with proliferative BBD are contrasted to those with non-proliferative BBD, the patterns are inconsistent (Table 3) . In additional analyses, we also controlled for age at menarche, parity and BMI, always separately for pre-menopausal and peri/postmenopausal women, and the results were essentially unchanged (only with respect to estrone, when comparing proliferative to nonproliferative BBD among pre-menopausal women the per cent difference increased from 10.0 to 11.2 and the P-value from 0.054 became significant at 0.040). We have also repeated the analyses after exclusion of women from breast clinic I who were biopsied before they were contacted, but were interviewed and provided blood samples during the undertaking of the present study; the results were consistent apart from random variation.
DISCUSSION
In a large case-control study, comparing 578 women with BBD who had never used exogenous hormones (254 with nonproliferative disease, 268 with proliferative disease without atypia and 56 with proliferative disease and atypia) with 178 women without BBD who also had never used exogenous hormones, we have found evidence that steroid hormones, particularly estrogens, are higher among women with BBD than among healthy women and higher among women with proliferative BBD than among those with non-proliferative disease. We also found evidence that IGF-1 and IGFBP-3 tend to be lower among women with BBD in comparison with healthy women. All the indicated patterns were clearer among peri/post-menopausal women than among premenopausal ones.
The hormonal profile of BBD has generally been investigated in case-control or cross-sectional studies, frequently of modest sample size, and the results are not consistent. A few studies, including an experimental study in ovariectomised female nude mice (Shekhar et al, 1998) and a case-control study among 184 women with BBD and 50 apparently healthy women (Sitruk-Ware et al, 1979) , have suggested that estrogens may be increased in BBD. Several reports, however, from early case-control studies Peri/post-menopausal women
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Percentage increase (95% CI) Controlling also for SHBG. (Reed et al (1983) , with 16 BBD cases and 35 control women; Gorins and Cordray (1984) , with 171 BBD cases and use of 'background normal' levels; Langley et al (1985) , with 47 BBD cases and 71 control women; Ernster et al (1987) , with 992 cases and 851 control women but response rates below 50%; Mancini et al (1991) , with 131 women with breast pathology and use of 'background normal' levels; Mancini et al (1992) , with 39 women with BBD and unspecified number of control women; Mady (2000) , with 40 BBD cases and unspecified number of control women) indicate no increase in estradiol, estrone or testosterone in BBD. With respect to SHBG, a very small case-control study (Parlati et al, 1988) has indicated that it may be increased in BBD, whereas another study generated equivocal results (Mancini et al, 1991 , with 131 women with breast pathology and use of 'background normal' levels). Regarding the IGF system, some case-control studies (Enriori et al (2003) , with 41 BBD cases and 25 control women; Singer et al (2004) , with 23 BBD cases and 38 control women; Barnes et al (2009) , with 149 BBD cases and 733 control women) reported that IGF-1 is increased in BBD, a study indicated that in BBD higher levels of IGF-1 reduce the likelihood of lobular involution (Rice et al (2012) , a cross-sectional study among 472 women), whereas another case-control study has indicated no association of IGF-1 with proliferative BBD (Su et al (2010) , with 359 BBD cases and 359 control women). For IGFBP-3, there have been reports from case-control studies of higher levels in BBD (Holdaway et al (1999) , with 12 BBD cases and 43 control women; Su et al (2010) , with 359 BBD cases and 359 controls). Thus, there is no clear evidence in the literature concerning the hormonal profile of BBD and essentially no data about the hormonal profile of the subcategories of BBD. We interpret our findings as indicating that increased levels of steroid hormones, particularly estrogens, favour the development of BBD and particularly proliferative BBD. While not related to endogenous hormones, recent observations also support a role for reproductive hormone influence on BBD. In the Women's Health Initiative randomised, placebo-controlled hormone therapy trials, conjugated equine oestrogen resulted in a statistically significant increase in BBD (Rohan et al, 2008) .
Taking into account the documented positive association of IGF-1 with breast cancer risk (Endogenous Hormones and Breast Cancer Collaborative Group, 2010), the increased risk for breast cancer among women with BBD, particularly proliferative BBD with atypia (Hartmann et al, 2005) and the apparent tendency of BBD patients to have lower levels of IGF-1 compared with healthy controls notably among peri/post-menopausal women (Table 3) , we hypothesise that higher IGF-1 levels could have a crucial role in promoting the malignant transformation in BBD tissue. In essence we postulate that lower IGF-1 levels in BBD patients hinder progression to breast cancer in this high risk group, although this finding needs to be replicated in other large investigations.
Strengths of this investigation are the adequate sample size (in fact, to our knowledge, among modern investigations, our study has the largest series of BBD cases), the use of state of the art assays for hormone determinations and the use of a comparison group of healthy women from the same study base. The study was not restricted to newly diagnosed BBD cases, as some of the women in breast clinic I had their biopsies before their blood collection, but this is unlikely to have affected the hormone measurements, as medication is generally not prescribed for BBD and menopausal status of these women was assessed at blood draw. A general assumption in epidemiological studies evaluating the hormonal profile of BBD is that levels ascertained at a certain point in time reflect overall long-term levels, provided that therapy, particularly hormonal therapy, has not intervened. As all studies in this topic, we have no information on hormone at the level of breast tissue.
In conclusion, we have found evidence that levels of estradiol, estrone and testosterone tend to be higher among women with BBD compared with women with no breast pathology. Among women with BBD, the levels of these hormones tend to be higher in those with proliferative compared with non-proliferative BBD. With respect to levels of IGF-1 and IGFBP-3, they tend to be lower among women with BBD rather than women with no breast pathology and the contrast is more evident among peri/postmenopausal women.
